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HIGH PRESSURE FLUID NOZZLE ASSEMBLY WITH IMPROVED ORIFICE 

ASSEMBLY 


Technical Field: 

5 The present invention relates to the field of ultra-high pressure fluid jet cutting 

apparatus and more particularly to improvements concerning nozzles therefor. 

Background of the Invention: 

The field of ultra-high pressure fluid jet cutting technology has seen many 
3D advances from its infancy in the early to mid 1970's until the present. Fluid pump 
tfj technology has advanced to the point that pressures in excess of 60,000 psi are 
f} routinely used in commercial settings; material science advances have increased the 
' t longevity of the wear components. This, of course, is not to say that all that can be 
P invented has been invented. 

jl5 The basic components of an ultra-high pressure fluid jet cutting system include a 

p pump for providing a source of ultra-high pressure fluid and a nozzle assembly. The 
nozzle assembly generally comprises an inlet body, a precisely formed orifice for 
creating a jet of ultra-high pressure fluid, a mixing chamber for receiving and integrating 
abrasive material to enhance the cutting properties of the jet, and a mixing tube to 
20 further integrate the abrasive material and form the desired column or jet of abrasive 
suspended fluid. While many components of the overall system are subject to wear, 
both the precisely formed orifice and components downstream therefrom are particularly 


subject to wear due to the presence of abrasive material suspended in an ultra-high 
pressure fluid. 

Another factor concerning high pressure fluid nozzles relates to the alignment of 
the orifice with the mixing tube. Misalignment of the orifice with the remaining down- 
5 stream components can seriously affect both the performance of the nozzle as well as 
the longevity of its components. 

In view of the foregoing facts, it is desirable to create a nozzle assembly that 
provides precise alignment between the orifice and the distal or downstream portion of 
the mixing tube so as to minimize wear due to misalignment, and to create a nozzle 
§RD assembly that provides for easy replacement of wear parts. Moreover, it is desirable to 
^ form as precise a jet as possible, and therefore any factors that may interfere with such 
fjl operations, such as turbulence prior to the pressurized fluid passing through the orifice, 
iS are to be avoided. 

m SUMMARY OF THE INVENTION 

O The present invention concerns improvements to the design and operation of 

nozzle assemblies for use with ultra-high pressure fluid jet cutting apparatus. In 
particular, the improvements concern the orifice assembly, also known in the art as the 
jewel holder. It is an object of the invention to provide an orifice assembly having an 

20 improved inlet chamber geometry at the interface between an inlet body and the orifice 
that defines the diameter of jetting water so as to optimize the column of high pressure 
water emanating from the orifice. It also is an object of the invention to provide for a 
soft seal at the interface between an inlet body and the orifice assembly so that a user 
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may remove and install the orifice assembly by hand. It is a further object of the 
invention to provide for a tapered interface between the orifice assembly and a nozzle 
so that the axial alignment between the jewel orifice and the nozzle bore remains in 
close tolerance. 

The orifice assembly of the present invention comprises an orifice body having 
an upstream portion at a first end and a downstream portion at a second end. A central 
bore extends from the first end to the second end to establish a fluid conduit for the high 
pressure fluid. The downstream portion of the orifice body defines a mixing cavity and 
preferably a generally lateral bore in communication therewith whereby abrasive 
material can be introduced into the fluid jet. The upstream portion of the orifice body 
defines a high pressure cavity having a generally cylindrical side wall and a bottom wall 
generally normal to the axis of the central bore wherein a transition portion between the 
side wall and the bottom wall has a generally quarter circle curvilinear sectional profile 
to provide a constant radius transition between the side wall and the bottom wall. At a 
center portion of the bottom wall is formed a precise orifice that creates the desired high 
pressure fluid jet. Preferably, a mineral substance with a precision drilled hole is used 
to define the orifice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional elevation view of a high-pressure fluid jet nozzle 
assembly; 

Fig. 2 is a cross-sectional elevation view of an orifice assembly for the nozzle 
assembly of Fig. 1; 


Fig. 3 is an elevation view of an inlet body for the nozzle assembly of Fig. 1; 

Fig. 4 is a cross-sectional elevation view of the inlet body of Fig. 3; 

Fig. 5 is an elevation view of a nozzle body for the nozzle assembly of Fig. 1 ; 

Fig. 6 is a cross-sectional elevation view of the nozzle body of Fig. 5; 

Fig. 7 is a cross-sectional elevation view of a nozzle guard for the nozzle 
assembly of Fig. 1 ; and 

Fig. 8 is a cross-sectional elevation view of Fig. 7 also showing the position of a 
set screw. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the several figures wherein like numbers indicate like parts, and 
more particularly to Fig. 1, nozzle assembly 10 is shown in cross-section. Nozzle 
assembly 10 has five major components, namely inlet body 20, nozzle body 30, orifice 
assembly or jewel holder 50, mixing tube 80, and nozzle guard 90. More detailed views 
of each of these complements can be found in the several sheets of drawings. Unless 
otherwise noted, all components except for the mixing tube are formed from high tensile 
strength steel so as to withstand hydrostatic pressures and related hydrodynamic shock 
loads during operation of nozzle assembly 10. 

Turning first to inlet body 20, a detailed view can be found in figures 3 and 4. As 
shown therein, inlet body 20 defines central bore 22, recessed seat 24, and reduced 
diameter portion 26, which are all coaxial with each other. Present on the outer portion 
of inlet body 20 is threaded portion 28 to engage complimentary threads on threaded 
portion 44 of nozzle body 30. 


Figures 5 and 6 show nozzle body 30 which defines central bore 32, recessed 
seat 34, tapered seat 36, lateral bore 38, and inclined bore 40. The exterior portions of 
nozzle body 30 define nipple portion 42, threaded portion 44, and threaded portion 46. 
As described above, threaded portion 44 engages threaded portion 28 of inlet body 20. 
5 A significant purpose of nozzle body 30 is to house orifice assembly 50. 

As best shown in cross-section in Fig. 2, soft seal 60 is disposed within seal 
recess 62 and facilitates the mating of inlet body 20 with orifice assembly 50. Orifice 
assembly 50 receives high-pressure fluid from inlet body 20, and permits the 
introduction of abrasive material via inclined bore 56, where after it is introduced into the 
GEO precise jet of high-pressure fluid in mixing cavity 66. Orifice assembly 50 is rotationally 
J ] retained within inlet body 30 by pin 48, best shown in Fig. 1 , engaging with slot 58. In 
;\ I this manner, alignment between inclined bore 56 and inclined bore 40 of nozzle body 30 
\* is maintained. Cylindrical portion 52 and taper portion 54 are sized to fit within 
q complementary structure present in nozzle body 30. 

rt5 High-pressure cavity 74 is defined by the upstream portion of orifice assembly 

O 50. High-pressure cavity 74 is particularly defined by cylindrical wall portion 78, 

transition portion 76, and a bottom wall primarily defined by jewel 70. Cylindrical wall 
portion 78 defines a cylinder that is coaxial about central bore 68. Conversely, the 
plane defined by jewel 70 which forms the bottom wall of high-pressure cavity 74 is 
20 normal to the axis of central bore 68. Jewel recess 64 is formed within orifice assembly 
50 at the bottom of high pressure cavity 74 and is configured to receive and hold jewel 
70 in the described position. Thus, transition portion 76 provides a curvilinear transition 
between wall 78 and the bottom wall defined by jewel 70. In this preferred embodiment, 
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transition portion 76 has a constant radius between wall 78 and the bottom wall defined 
by jewel 70, and approximates a quarter circle in section. 

Jewel 70 is preferably constructed from a synthetic mineral such as ruby or 
sapphire, chosen for its extreme durability when subject to high wear environments. To 
5 form the desired precise jet of high-pressure fluid, bore or orifice 72 is formed therein. 
Thus, high-pressure fluid present in high-pressure cavity 74 is permitted to escape via 
orifice 72 into central bore 68 and subsequently mixing cavity 66. The high speed of 
fluid introduced into mixing cavity 66 causes a below ambient pressure environment to 
exist in mixing cavity 66. Consequently, the suction effect causes any abrasive material 
fit) located upstream from mixing cavity 66 to be drawn toward mixing cavity 66. At this 
111 point, abrasive material begins to integrate with the high pressure fluid jet created by 
t] orifice 72. A tapered seat 67 is formed in the bottom or downstream portion of orifice 
jy assembly 50. As will be shown later, the seat facilitates the appropriate alignment of a 
m mixing tube with the orifice assembly since the mixing tube has a complementary taper. 
Jk5 As is best shown in Fig. 1 , mixing tube 80 is connected to orifice assembly 50 by 

Q way of nozzle body 30. Collar nut 82, located on tube 80, has internal threads 84 that 
engage with the threads on threaded portion 46. Ferrule or stop 86 is preferably 
compressively attached to tube 80 to provide a suitable surface against which the collar 
nut 82 can seat when engaging threaded portion 46 of nozzle body 30. O-ring 88 is 
20 also disposed about tube 80 to provide protection against the abrasive grit from wearing 
out the nozzle components. 

Fig. 7 and 8 best show the nature of nozzle guard 90. To facilitate the rapid 
engagement and disengagement of nozzle guard 90 from nozzle body 30, set screw 92 
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is preferably coupled with nozzle body 90 as best shown in Fig. 8. By screwing in set 
screw 92 when nozzle guard 90 is positioned with nozzle body 30, set screw 92 
engages nipple portion 42 as best shown in Fig. 1 . 
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What is claimed is: 

1 . An orifice assembly for use with a high pressure fluid jet cutting nozzle 
comprising: 

an orifice body having an upstream portion at a first end and a downstream 
5 portion at a second end; 

a central bore extending from the first end to the second end; 
a mixing cavity defined by the downstream portion; and 
a high pressure cavity defined by the upstream portion having a generally 
cylindrical side wall and a bottom wall generally normal to the axis of the central bore 
Wo wherein a transition portion between the side wall and the bottom wall has a generally 
Hi quarter circle curvilinear sectional profile to provide a constant radius transition between 
J! I the side wall and the bottom wall. 

[5 2. The orifice assembly of claim 1 further comprising an abrasive material inlet bore 
O leading to the mixing cavity. 

14=5 3. The orifice assembly of claim 2 wherein the high pressure cavity has a generally 
Cf cylindrical side wall and a generally rectilinear bottom wall. 

4. The orifice assembly of claim 2 wherein the mixing cavity has a frustoconical 
upstream wall and a cylindrical downstream wall. 

5. The orifice assembly of claim 2 wherein the high pressure cavity bottom wall has 
20 a recess formed therein to receive a body having an orifice coaxial with the bore. 

6. The orifice assembly of claim 2 wherein a seal recess is formed in the first end of 
the orifice body. 


7. The orifice assembly of claim 6 wherein the seal recess is annular and coaxial 
with the bore. 

8. The orifice assembly of claim 7 further comprising a resilient seal disposed in the 
seal recess. 

5 9. The orifice assembly of claim 2 wherein the second end defines a frustoconical 
recess coaxial with the bore to receive and align a mixing tube. 
1 0. The orifice assembly of claim 1 further comprising a mixing tube mated to the 
down stream portion of the orifice body wherein the mixing tube has an axis that is 
coaxial with the axis of the central bore, and a jewel disposed at the bottom wall for 
30 forming a precise column of pressurized fluid. 

U1 11. An orifice assembly for use with a high pressure fluid jet cutting nozzle 
comprising: 

55 an orifice body having an upstream portion at a first end, a downstream portion at 

^ a second end, and an axis; 

pL5 a first bore extending from the first end to the second end, generally parallel to 

O the axis; 

a mixing cavity communicating with the first bore and defined by the downstream 
portion; and 

a second bore defined by the orifice body for introducing abrasive material into 
20 the mixing cavity. 

12. The orifice assembly of claim 1 1 wherein the second bore has an axis and the 
axis is not parallel with the orifice body axis. 
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13. The orifice assembly of claim 1 1 wherein the second bore is in direct 
communication with the mixing cavity. 

14. The orifice assembly of claim 1 1 wherein the first bore is in communication with a 
high pressure cavity defined by the upstream portion having a generally cylindrical side 
wall and a bottom wall generally normal to the axis of the orifice body wherein a 
transition portion between the side wall and the bottom wall has a generally quarter 
circle curvilinear sectional profile to provide a constant radius transition between the 
side wall and the bottom wall. 

15. The orifice assembly of claim 11 further comprising a mixing tube positioned 
adjacent to the mixing chamber wherein the mixing tube has an axis coaxial with the 
first bore, and a nozzle body concentrically surrounding the orifice assembly and the 
nozzle body. 

16. The orifice assembly of claim 1 1 further comprising a jewel defining an orifice 
coaxial with the orifice body axis located upstream of the mixing chamber. 

17. The orifice assembly of claim 16 wherein the upstream portion of the orifice body 
defines a high pressure cavity and the jewel is disposed in a recess at a bottom wall of 
the high pressure cavity. 

18. The orifice assembly of claim 17 further comprising a soft seal adjacent an 
opening of the high pressure cavity to provide a sealing means between the orifice 
assembly and an inlet body. 

1 9. The orifice assembly of claim 1 1 further comprising a soft seal located at the 
upstream portion of the orifice body to provide a sealing means between the orifice 
assembly and an inlet body. 
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ABSTRACT 

An improved orifice assembly for use with an ultra high pressure fluid jet cutting 
apparatus is disclosed. The improved orifice assembly generally includes an orifice 
body defining a central bore, a high pressure inlet cavity located at an upstream portion 
of the body, a mixing cavity located at a downstream portion of the body, and an 
abrasive material inlet bore that is in direct communication with the mixing cavity. The 
inlet or high pressure cavity preferably has a cylindrical cross section at the side wall 
portion and a generally flat bottom wall, with a constant radius transition portion 
between the side and bottom walls. A jeweled orifice is preferably located at the bottom 
wall and forms a portion thereof. A chamfer at the downstream portion of the mixing 
chamber permits appropriate coaxial alignment of a mixing tube with the jeweled orifice 
so as to preserve proper fluid flow characteristics. In addition, the incorporation of a soft 
seal between the mating surfaces of the inlet body and the orifice assembly permit easy 
user removal of these components from a cutting jet system. 
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